Results: Concordance with guidelines was greater than 90% for 7 of 11 measures. All guidelines regarding adjuvant therapy had concordance rates greater than 90%. Only 2 of 5 measures for nodal management had concordance rates greater than 90%. At least 50% of hospitals provided guideline-concordant care to 100% of their patients for 6 of 11 guidelines. Patients receiving appropriate care tended to be younger, healthier, white, and more affluent, to have less advanced disease, and to live in the Midwest.
T
HERE IS CURRENTLY A MAjor focus on improving the quality of health care in America. Quality health care means delivering the right care to the right patient at the right time. To ensure such care is provided, we must first know what the right or appropriate care is and then be able to determine whether that care was provided. The practice of health care in America varies widely across both institutions and demographic populations; this is true across specialties and disease sites. 1, 2 This variation may reflect 2 things: (1) a lack of knowledge about the optimal approach to care; or (2) a lack of acceptance regarding currently defined standards of care.
We sought to use practice guidelines to investigate whether appropriate surgical care was provided to Medicare beneficiaries with a new diagnosis of cancer. We first determined the percentage of patients receiving guideline-concordant care at an aggregate patient level. We then analyzed the degree of variation in hospital-level performance to understand whether each guideline has been accepted into routine practice. Finally, we identified patient and institutional factors associated with the likelihood of receiving appropriate care.
METHODS

IDENTIFICATION OF EXISTING CLINICAL PRACTICE GUIDELINES
We organized our study around the 3 areas in which a surgeon treating cancer must be proficient: (1) surgical management of the primary tumor; (2) evaluation and treatment of regional nodal basins; and (3) appropriate referral for multidisciplinary adjuvant therapy. We first identified existing disease-specific guidelines in each of these areas for 5 common cancers in which surgery plays an important role, including breast, colon, gastric, rectal, and thyroid cancers, based on the following criteria: (1) the guideline must be endorsed by a professional organization or society whose members are considered experts in that dis-ease, addressed in a National Institutes of Health Consensus Statement, or included as a recommendation in the AJCC Cancer Staging Manual 3 ; (2) cancer registry and/or administrative data must be sufficient to define concordance, including both the numerator (patients who received the recommended care) and the denominator (patients meeting inclusion criteria for the recommended care); and (3) all other treatments must be considered inappropriate care.
To classify the strength of a given guideline, we used the classification system published by the National Comprehensive Cancer Network (NCCN). 4 The NCCN clinical practice guidelines are readily available, are widely used, span multiple cancer sites, and classify the strength of both the evidence and panel members' consensus supporting a recommendation. The NCCN identifies 4 guideline categories: grade 1 indicates that the recommendation is based on a high level of evidence and there is uniform NCCN consensus; grade 2A, the recommendation is based on a lower level of evidence and there is uniform NCCN consensus; grade 2B, the recommendation is based on a lower level of evidence and there is nonuniform NCCN consensus (but no major disagreement); and grade 3, the recommendation is based on any level of evidence but reflects major disagreement.
IDENTIFICATION OF THE OVERALL COHORT
The Surveillance, Epidemiology, and End Results (SEER) program of the National Cancer Institute collects detailed data including stage at diagnosis, tumor morphology, first course of treatment, and demographic variables for persons with cancer living in a SEER region. 5 The SEER data have been linked to Medicare enrollment and claims data to facilitate evaluation of treatment and outcomes of care across the cancer continuum. 6 Patients diagnosed with breast, colon, gastric, rectal, or thyroid cancer as their first or only cancer between January 2000 and December 2005 were identified and linked to Medicare claims data from January 1999 through December 2007. We required that all patients have at least 1 cancer-specific surgical procedure between 30 days before through 365 days after diagnosis and be associated with a nonmissing hospital identifier. Patients were also required to be continuously enrolled in Medicare and have no health maintenance organization enrollment during this period.
Between 2000 and 2005, there were a total of 181 534 patients with breast cancer, 116 383 with colon cancer, 22 625 with gastric cancer, 41 857 with rectal cancer, and 10 453 with thyroid cancer identified. Criteria used to specify the cohort are shown in Figure 1 . We excluded patients younger than 65 years at the time of diagnosis and those with end-stage renal disease or disability as their qualifying condition. Patients with stage IV disease, disease of an unknown stage (except for thyroid cancer), or a discrepancy in the death date reported by SEER and Medicare of greater than 3 months were also excluded.
DEFINITION OF SPECIFIC CONCORDANCE MEASURES
Additional specific inclusion and exclusion criteria for the denominator and numerator for each guideline were applied and are available on request. For situations where there was a discrepancy or ambiguity between identified guidelines regarding appropriate criteria, we performed sensitivity analyses varying the inclusion criteria. Tumor size criteria for receipt of total thyroidectomy were varied between 1 and 2 cm. As conclusions did not change, results are presented only for a threshold of 1.5 cm. Because this study focused specifically on the surgical practitioner, guidelines that related to the receipt of adjuvant therapy were expanded to include a visit with a medical oncologist or radiation oncologist regardless of whether the patient received treatment. Medical oncologists were identified by an associated Medicare specialty code for medical oncology or hematology/oncology or by having submitted a claim for chemotherapy. [7] [8] [9] Radiation oncologists were defined by a Medicare specialty code for radiation oncology or by having submitted a claim for radiation planning or administration.
STATISTICAL ANALYSIS
Concordance was measured as the proportion of patients who met the numerator criteria among all patients who met the de- The first box represents all cases of cancer identified within the data set for each disease site. The second box depicts the cohort for each disease site after general restrictions. The final box represents the cohort for each guideline following guideline-specific criteria. These guideline-specific cohorts are not mutually exclusive and may overlap because more than 1 guideline may be applicable to a given patient. ESRD indicates end-stage renal disease; AXD, axillary dissection; XRT, radiation therapy; PMRT, postmastectomy radiation therapy; TT, total thyroidectomy; and CND, central neck dissection.
nominator criteria for each guideline. The concordance rate for each guideline was determined at the aggregate patient level by considering all patients with the relevant condition and at the hospital level by considering all hospitals that treated at least 5 patients with the relevant condition. This was done to ensure stability in the estimate of the hospital concordance rate. While patients treated at hospitals with fewer than 5 patients were excluded from the hospital-level analysis, they were included in the aggregate patient-level analysis. We report aggregate patient-level concordance rates with 95% confidence intervals. Generalized estimating equations were used to account for clustering at the hospital level when calculating 95% confidence intervals. 10 For the hospitallevel analysis, we determined the proportion of hospitals for which 100% of treated patients received guideline-concordant care as well as exact binomial 95% confidence intervals.
For each of the guidelines meeting our eligibility criteria, logistic regression models were built to investigate covariates associated with receipt of concordant care. Generalized estimating equations were used to estimate the logistic regression parameters, which allowed us to investigate both patient and known institutional factors while accounting for clustering at the institutional level. Because the logistic regression analyses were exploratory, we did not adjust the type I error rate to account for multiple comparisons; thus, P values should be interpreted cautiously. The number of significant associations (PϽ.05) in these analyses is greater than expected by chance if there were no associations in the data. All tests were 2-tailed. All data management and statistical analyses were performed using SAS version 9.2 statistical software (SAS Institute, Inc, Cary, North Carolina).
RESULTS
IDENTIFICATION OF GUIDELINES AND COHORT
Eleven guidelines were identified and are listed in Table 1 , showing the original sources, the year they were proposed, and whether the NCCN grades them as based on a high level of evidence (grade 1) or uniform consensus but a lower level of evidence (grade 2A). 4, [11] [12] [13] [14] [15] [16] [17] [18] Given that we are using guidelines to represent appropriate care, we did not include any guidelines for which there was nonuniform consensus or major disagreement. The 11 guidelines include 5 for breast cancer, 2 for colon cancer, 1 for gastric cancer, 1 for rectal cancer, and 2 for thyroid cancer. They represent the following domains of surgical oncology care: 1 measure for surgery directed at the primary cancer, 5 measures for nodal management, and 5 measures related to adjuvant therapy. Table 2 provides a description of the cohort for each disease site included in this analysis.
AGGREGATE PATIENT-LEVEL CONCORDANCE RATES
Concordance with guidelines was greater than 90% for 7 of the 11 measures ( Table 3 ). All guidelines regarding evaluation for or receipt of adjuvant therapy had concordance rates greater than 90%. The measures that evaluated breast cancer management had the highest concordance rates. These included radiation therapy or evaluation following breast-conserving surgery (99.2%), chemotherapy or medical oncology evaluation for estrogen receptornegative breast cancer (98.1%), axillary dissection for nodepositive breast cancer (96.7%), postmastectomy radiation therapy or evaluation for patients with more than 4 positive nodes, with positive lymph nodes and a tumor greater than 5 cm, or with stage III cancer (94.9%), and nodal evaluation for invasive breast cancer (91.8%). The lowest concordance rates were seen for central neck dissection for nodepositive thyroid papillary cancer (72.7%), colon cancer nodal evaluation of at least 12 nodes (48.5%), and gastric nodal evaluation of at least 15 nodes (32.5%). 
HOSPITAL-LEVEL ANALYSIS
There was wide variation in the proportion of hospitals providing uniformly guideline-concordant care, ie, treating 100% of their patients according to the guideline recommendation (Figure 2) . Fewer than 1% of institutions met this standard for colon cancer nodal evaluation or central neck dissection, while 93% provided either evaluation for or treatment with radiation for all patients following breast-conserving surgery. More institutions had uniformly concordant care for guidelines concerning adjuvant therapy than for guidelines dealing with surgery directed at the primary cancer or nodal management. Table 4 summarizes the factors associated with increased or decreased likelihood of receiving concordant care by guideline. For a number of the guidelines, younger age, less aggressive disease, white race, higher income level, being married, and care at a hospital that participates in an oncology group were independently associated with higher guideline concordance. Patients treated in the Midwest were more likely than patients treated in the Northeast to receive guideline-concordant care for all measures; the direction of the effect for the South and West (as compared with the Northeast) varied by measure.
PREDICTORS OF RECEIPT OF APPROPRIATE CARE
COMMENT
Using practice guidelines to define appropriate care, we found that more than 90% of all patients received recommended care for 7 of the 11 guidelines examined at an aggregate patient level. We also identified 6 measures for which at least half of the institutions were concordant with (59) 1353 (68) 1644 (54) 901 (66) 1 8139 (21) 7674 (24) 428 (22) 828 (27) 298 (22) 2 2239 (6) 2744 (9) 121 (6) 281 (9) 90 (7) Ն3 1848 (5) 2546 (8) 81 (4) 284 (9) Abbreviations: NA, not applicable; NCI, National Cancer Institute. a Includes patients who were included in at least 1 of the 11 measures by site of disease. Because patients may have been included in the cohort for more than 1 measure, the number represented here does not necessarily represent the sum of the final cohorts depicted in the last box of Figure 1 .
b Fewer than 1% of data missing.
the guidelines 100% of the time. These high concordance rates suggest that the factors influencing clinical decision making are adequately captured in the current guidelines and that surgeons recognize the importance of these therapies. As a result, we were able to demonstrate that Medicare beneficiaries are highly likely to receive appropriate care and that this finding is consistent across hospitals. For several of the guidelines related to nodal management, however, concordance rates were low and few hospitals provided appropriate care to all patients. Specifically, we found that published guidelines recommending examination of a minimum number of lymph nodes in colon and gastric cancer have not resulted in routine adoption of this practice in elderly Americans despite the inclusion of these recommendations in the AJCC Cancer Staging Manual. It is possible that despite apparent expert consensus regarding the importance of evaluation of a minimum number of nodes, the lack of definitive evidence supporting a particular threshold has left many health care practitioners (surgeons and/or pathologists) unconvinced. They may not believe that the potential benefits of more extensive lymph node harvests outweigh the added operative risks, perhaps particularly in older patients. The limitations of the evidence base supporting nodal evaluation and the difficulty in defining an appropriate nodal threshold for use in guidelines or quality measurement are well described in 2 recent reviews, a report from the Cochrane Collaboration regarding the extent a Data reported are limited by Surveillance, Epidemiology, and End Results-Medicare confidentiality rules. The guidelines are arranged according to the domain of surgical care to which they apply. For each guideline, the NCCN grade is depicted. (See the "Identification of Existing Clinical Practice Guidelines" subsection of the "Methods" section for explanation of the grades.) The aggregate patient-level results show the proportion and overall concordance rate for all patients in the cohort. At the hospital level, the proportion of hospitals providing concordant care to 100% of eligible patients is depicted in the first column followed by the range of observed institutional concordance rates.
b Among hospitals with 5 or more cases included in the cohort under analysis. of lymph node dissection for gastric cancer and a metaanalysis on colon cancer nodal evaluation. 19, 20 We observed a somewhat different pattern of concordance for central neck dissection for node-positive papillary thyroid cancer. A higher aggregate concordance rate of 71.6% was observed; however, in the hospital-level analysis, no institutions performed neck dissections in all of their patients. Instead, most institutions performed them in approximately 80% of patients. Possible explanations for these findings are that there is agreement that a central neck dissection constitutes appropriate care for most but not all elderly patients with nodepositive papillary thyroid cancer and that the factors relevant to selecting patients for the procedure are not adequately captured by the current guideline inclusion criteria, at least in this population of elderly Americans. Such factors might include the presence of a macrometastasis rather than a micrometastasis or nodes detectable preoperatively or at the time of surgery rather than only on postoperative pathology review.
Several other explanations could account for the patterns observed in this study. Prior research on the Hospital Quality Alliance measures has suggested an association between the length of time guidelines have been in place and concordance rates. 21 We found high concordance rates and minimal variation for the breast cancer measures, guidelines among the first to be developed in cancer care.
It is also possible that because referral for adjuvant therapy is a dichotomous decision, facilitating both compliance and measurement, it is easier for institutions to achieve consistent and high concordance rates on these measures than on guidelines measuring a continuous outcome such as number of lymph nodes examined. Alternatively or in addition, the fact that referrals result in reimbursement for the health care provider or the health care system while lymph node harvests do not may contribute to the higher concordance we observed for guidelines related to adjuvant therapy.
Finally, there is a suggestion in our data that the level of evidence on which a guideline is based is associated with the level of concordance. Six of the 7 guidelines with concordance rates greater than 90% were based on a high level of evidence, and all of the 4 guidelines with concordance rates lower than 90% were based on a lower level of evidence (Table 3) . Similarly, 5 of the 6 guidelines for which more than 50% of institutions provided concordant care to 100% of their patients were graded as 1, while 4 of the 5 guidelines for which fewer than half of the institutions provided fully concordant care were graded as 2A (Figure 2) . The role that level of evidence may play in acceptance of guidelines deserves further investigation.
This study has the usual limitations associated with analyses of large national databases, including incomplete capture of cases, loss to follow-up, and missing data, as well as the limitations of claims data such as variation in billing practices and coding inaccuracies. Additionally, because Medicare provides the only consistent and comprehensive national data source on medical services 
